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, 'l'he third instrument"and the one which ~s sh~nvJ,.l f1t­
tacbed to the ends of thc shaft in Ii igs. lX . . a11d X., is. 

t he one which. has been found to most .s atis~ac,torily fulfil 
the condit~ons req1li,red of it. It is _extremely &im,ple in 

design :md entirel~ ' (l l..l tort;lajic . il} it ~ . renA~ng~---;-(giving 

vel"y closely and f requently th precise position and th& 

exact extent of the maximum amplitude. This is done 

whilst the speed is being either accelerated or decele­

rated, so that all that is now necessar y to obtain a r ead­

in O' i, to start up the rotor-letting it accel~rate till the 

period of ·maximum amplitude 'is r eached, shut off the 

11 



100 ~BiI DYNAMIO BA~A"NCING OF ItOTATlJilG ,MASB'Ee , 

pOWe1'; ' 'and, when the roto1' has , stopped, take a reading. 

Then readjust the instrument to zero, restart the' rotor 

in the opposite direction, and take ' another reading, 'or 

accelerate 'the rotor to a point beyond the maximum 

vibration , shut off the power, and let the instrument be 

,-1perated ~s the speed decreases, The 'meau' positioll 

given by the instrument, first ahead and~ thell astern, 

shows very closely indeed, and in many cases the precise 

position of the out of balance, weight, and also an exact 

measure of the amplitudes.' 

F ig. 10 

W e al~e not concerned with recording the exact speeq 

at which the, maximum vibration occurs ; all we Wall t is 

that the point at which tha t , maximum oc~t1rs-going 

ahe'ad or astern- shall be recorded relati e to the r otor. 



n Ull DYNAMIC BALANCING OF ROTATING MASREB. lO~ 

DYNAMIC BALANCING 
OIACRAMATIC ARRANGEMENT OF GEA.R SHEWINC SPIDERS IN 
POSITION ON ROTATIN9 MASS BEING BALANCED, ONE AT EACH END 

FIG. XI 

DYNAMIC BALANCING 
AUTOMATIC RECORDINC ceAR 

POINTS GROUND TRUE TO RAD. C 
A. HARDENED STEEL PIN HEADS GROUND TRUf: TO SURFACr 0 
E Do Do. DISC GROUND DEAD TRUE 

F CYLR. MOUNTED TO RUN TRUE WITH SHAFT B 

FIG. Xli 
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Figs. XI. and XII. are diagrammatic sketches of it. 
1t cDnsists Df a Sh~~>t:' cyiind~r atiach~d ' to the revDlving 

~~. , . .., -,~. • I'" ,'r - .. . '. '. .•. •..• 

haft,' and. thrDUgh the cylillaer pass 11 number ' Df har-

dened steel pins as shDwn, which pins are arranged so­

that they can mDve outwards r adially thr ough the thick­

lless Df . ~he qyUnder. All the inner poipts of the pin ' 

prDjecting mwards are ground to. e;x:actly the same circle, 

and all the Duter ends of the pins r esting against the 
surface ' of ' the cy lina e:f" 'a re also ground, so -that they are 

all exactl~ prDud ' Df the 'cY4nd~r 's surface t~ the same 
extent. ' It is essential that the cylinder, with its pins, 

which we have called the « spider," shall be exactly true 
with the r evDlving shaft, Dtherwise false readings will 

be Dbtained. 

A secDnd shDrt hardened teel cylinder . Dr disc ground 

true to. the same diamet er as the inner points Df the pins 
is erected on a fixed base in line with the first cylinder_ 
This second cylinder is made to slide axially, so t hat it 

can be, pushed in under the pins, or pulled out away 

from them. The action is as follows :-The fixed cylinder 
' is, say, push ed in and lies within and just touching, the 

inner pDints Df the pins on the spider, ;which is attached 
to the revolving shaft; clearly when rot:;t.tiDn of the shaft 

is tarted, if there is no vibratiDn, the pins will just rub 
around the fixed cylinder, and. no mot iDn of the pins 

will take place, but if vibration ' occurs, the pins in the 
revolving cylinder at that point in its circumference 
whel;e the ~br:ation ' occurs will 'be pushed out, and 

pushed ~ut to' th~ extent of the v:ibration , ana witli each 
~ •.• ~ J ' 

succeeding lno-rease of vibratiDn, 8 0 .,,:ill . the pins,: be 
pushed 'qut, and , as the pDsition of the vibratiDn r elative 

to the rotor var~es, i. e., as the angle of the :t,a.g varies, so. 
will the pins be pushed ou /correspondingly till the 
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period of maximum vibration is reached and passed, when 

t he' pins recordin g' that maximum' will no " ' lon ger be 

a'fi'ecMd: The motion' may then 'be' stopped, and the 

.amount the pins have been pu'shed out can 'be measured; 

and 'Uie position 0'£ ' t he' highest pin' can bidocated, A 

light ' 'eccentricity b'et"\,,'een the ' set ting of the two cyli11-

,del's is inlmatei'ial ;' i'tilu'y are not in line; the only r e ult 

will be that as the spider revolves it will act on 'all the 

pins equally to the extent of the eccentricity, In t h& 

vertica'l motion' type of balancei', the centre of t he r e­
~olving shaft was, 6wng to the ' addition or subtr'acti~n 
-of weights; constalitly altering, n ecessitating the ' station­
ary disc beiilg r eadjusted to suit, This obviously took 

' t ime, whereas, with the horizorital gem;, once t he cent res 
are' adjust ed, 't h'ey are correct for all time on the one 
Job, OWlng t o tiie variation of t he angl e '0£ 'lag as the 
. peed alters, it' wilI be fOllncl that all the pins ai'e pushed 
'Out ' "g:radual'ly increasing from a rllinimum to the 

, , 
maXImum, 

• I ,I 

, T,WQ of , th.ese inst~'uments are used-one at each end 
-of the apparatus being balanced ; that at the driven end 
~havjng to apow for th/il driying s,haft ,-is of annular 
form, so a~ ,to surro-qnd and be clear of tha,t shaft, and 
g i,ve room fo r it to vib.r:ate, This is shown in Fig X. 

When the out 'of balance is considerable, the posit ion 
-of the pin that is fu rthest out can be r eadily detected by 
th eye, but "\vhen it is small it' is necessary to measure 
t he height of the 'pins 'with some form of micronirter, A 
"Very handy form ' is a clock micrometer, which is quickly 
I'ead, and, gives r eadipgs to 1/1000th of an inch, By the 
u 'e of this micrometer the necessary magnification' of the 
actual amplitude of vibration 'given by the pius if' ob­

tained, 
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We have here, then, an instrument which' gives both 
the positio'n of the out of balance weight, and at the same 
time gives a l)1easure of the extent of the maximum 
vibration. It does this very simply, very rapidly and 
:a.utomati.call.Y~ .and .aLso t.a.kes .account of the instant .at 
which , ,the maximum amplitud€ occurs, wi"t11Out 1my 

necessi(y for an observer to be watching to note wh en 
this period occurs. 

The authors of . the article in "Engineering" referred 
to, and also Comr. Cleary in his paper, both used the 
same, or practically the san;te, means of reading the am­
plitude of vibration and the angle of lag, which was by 
means of a spot of light passing through an involute slot 
cut in a disc attached to the end of the revolving sbaft~ 

and then magnifying the motion by mirrors, and noting 
the position of the spot of light on 'a screen . 'rhis method 
appears to have given the r espective authors satisfactioll~ 

but it does n ot give a permanent r ecord, and is applied to 
one end only. I have always thought that we Rh ::mld he able· 
to obtain a record of what is happenj.n g at .both ends 
si.multaneously, and have worked wjth that end in view. 
I cannot help thinking that this is the correct way; and 
my views have been upheld by the r esults we have ob­
tained with the two spiders, as we h ave found that not 
only are t he amplitudes of vibration differ ent at either 
end, but also their position ; e.g., when we get a case of 
out of balance as illustrated in Fig. V. of my former 
paper , we found, as anticipated there, that the opposite 
end were moving in opposite directions, and also, curi­
ously enou gh, the angle of lag were different. 

In my opinion, and in spite of possibly r epeating my­
se1£, I maintain that it · is just ·when the amplitude is at 
it maximum we want to obtain a record .of it, and a 
record of the position of t hat thr ow relat ive to the r otor. 
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If we can obtain these, which this "spider " in strument 
j ust does, we obtain all the information 11ecessary t o-

. determine the position of the out of balance weight. I 
cannot at present affirm, from experiments we have made, 
t hat th e extent of -that vibrll;tion is any guide as to the 
amount of that out of balance weight, as, with a balanced 
rotor put out of balance by attaching known weights in 
known positions, some very extraordinary results' have 
been obtained, which will be referred to later_ Now that 
we 'have the spiders fitted at both ends of the balancing 
;apparatus, and have been able to obtain reliable r ecords. 

of what has been occurring, which, in the absence of such 
'means, we were previous~y unable to accurately obtain, 
we have discovered a number of most curious anomalies ,. 
and, primarily, any results or deductions w'e hoped t o 
,have concluded from a number of experiments we had 
",Inade with a series of known weights and springs, have 
been entirely obscured by the complications created by 
the method of driving the . rotor. 

It would appear that the flexible shaft with hook j oints 
has no disturbing effect so long as there is no vibration , 
but as 'soon as a vibration is set up, th e drivin g gear, by 
reason, we think, of its whipping action, seriously upsets 
the motion. This action, unfortunately, occurs when ac­
celerating, and when the power is shut off and the rotor 
'is slowing down, as a r everse action is set up by reason 

of the rotor driving the motor. 

In our work considerable power is r equired to drive 
the rotors or propellers, and it would· not be possible to 
adopt the method shown in Fig. I., viz ., that employed 

.. for balancing the armatures. For one thing, t he belt 

would have to be heavy, and, as proved by us when we 
tried .a similar drive with a chain, whipping actions ar e 

et up, which completely upset the balancing t rials. Nor 



\vol11d· ·th e method adopted by Comr. Cleary, 'vide F ig . . 
II ., J:Je 'sati fa'ctory.' ' With the 'fl exible shaft and· hook 
'join ts; ' th'e action ' is' to" accentuate tli e 'vibl~ation at the 
·driven ' end , ,vhe1'eas with ComT'. Cleary's dr-ive' a little 
<cbnsider ation will show t:h~t ·it· vvould probably t end t o 
d'ecFe~se the vil1l'at.iol1 / and that ' would be just a un­
'satisracto 'y: These < a~tion s · of 'the driving gear upset the 
ampiittic1es ·of 'vibration, ' but db not appareIYtly gr eatly 

;d.i~turb · the ' i'eaiiings 'which give the' position of · the out 
c:f . bal'a,dce/ but the 11'psetting ' of ' the amplitude ' is suffi · 

-cient to eli ti'i-ely mislead the'bal ancer in judging at which 
-end' the o-ut " of "balan c~ Iweight is' l'eally situat ed, We 
have;' ' th ere:fo~le , "corne' to th e oOllclusion that sO'rne other 
means 'of. di'ivi't'lg the' rot01' must be 'devised, which will 
"!lot create thesB ' 'diStur bances, ' A.11oth er· 'conclusion we 
·have come to ,is t hat, 'failing to devise such a methoct, we 

hall haV'e to ,int rodu c'e a clutch -'such that · the rotor may 
b e disconnected 'entirely , and be fr~e t o revolve under 
its own forces. ,\Ve shall have to fi rst sp er.d up th e r ot or 

tQ bey:on4 .th <,\ peJ;'iod ,qf ma;x:imum vibr~tion, th~n ' d • 

clutch,. "an4 w~il~t the rq;tor is slowing d 9wn, take 1'ea<:\­
jn gs , o,~, t~.~ amJllit~de ,and position pf the out of balance 
we,ight . ,with .~h~ spider instruments, )'\"hen it is hopeu 

we ~h!1P. get what .w~ think we. ought to get, viz., that 
the po~itio:q o~ I,~h~ , Qut o~ bSJ.lance weight, relat ive t o the 
for~ anq aft dj~'ecti<;>I;l~' will be, given by the ~mplitude of 
the vibrations at either e11d. 

We .\lave E!lso test ed ~prings of different length and 
5trength, ,bu.t, .owin,g to the upsetting ;lction of the driv­

, jn~ ge.ar~ w~ fLre unable to: draw any d efinite ,conclusion " 

So f ar, it ,w,ould appear, as anticip~ted, t hat .short spring 
ope,l'a~e at . a (high,er speed, . but . one most astoulldin 
ap.omaly .has ad~en, and that is with a .spring 6t in, .long 

'·of i ,in . diamet er t eel, of a compression st rengt h of 
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270· J,bs! .per inoh, a.ndwith weights (A ) of 2 lbs. in line 
.at , the extr eme mads of . the · balanced FOtOl' emder trial, 
.an amplitude . ~f..05· in. wa,s o,btained at the; .drivell end 
and .O~ in . at t~e ,free end, where¥,.,,~v.ith a spring of the . . . ..' .. . . 
same pi~ensions, e:x;cept tha~ ~t wl;1& of ! Ul .. llteel , and a 
tl'ength of 1145 lbs. p.er . inc,h compressi,on, we got a.m­

plitudes of .23 in. Q,nd .18.5 in. respectively-a mo~t, at 

present, rinaccount/:ible result . . Again, (B ), with 2 lbs. at 
each end, but at 180 deg. with each other, just the oppo­

-site results were obtained. With the ·light spl'ing the 

r eadings were .142 and .142, and for the ·stiff spring .09 
.and .08·. respectively.. Again; although the. springs \\-ere 

-of the same len gth, . and although the .aluplitudes 'differ ed 
. 'o-much; the peed at which ' the maximum occurred was 
·about ,the same for each .spring in each case, but .that of 
t he stiff . spring wa~ 1 95 ·andof t he light spring 175 revs. 
per minute. 

One further ' illustration- two experiments . were made 
·- ope with a single out of balance weight ·of 2 lbs. at one 
end only,_ with the · same springs. in each t est, the fi rst 
one wit h the weight at one end, and the second one with 
the weight ~tt the other end, . the records al'e as under:-

DRIVE N END. FREE END. 
Maximum amplitude. Angle of lag. Ma.ximum amplitnde. Angle of lag. 

. C. Ahead. Astern, Ahead. Astern. Ahead. As tern. Ahead • Aster n. 
'2lb. w~ight at 

free end ... '06 '095 '050 270" .105 .09 1250 145° 
D. ' 

:21b. weight lit 
d riven end .06 .075 1800 115° .055 ,09 2850 2650 

Note how the amplitude at the driven end is about the 
same in both cases, yet one would expect it t o 'be' greater 
in D than' C, whereas the reverse is , the case. '1'his is 

-p r obably caused· by the whipping action of the driving 
gear. Note the extraor dinary variation in the angles of 

lag, and yet these ~ngles give t1"!-e position of the out of 
balance weight very closely. The error is only half t he 
lifference between the angles of lag ahead and astern. 
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Thes£ experiments were made with a plain cylindrical' 
mass, viz., a flywheel, weighing 1.86 tons, which could not 

introduce any possible fan action like a propeller: 

The angles of lag with the two different springs r e­
frrred to above varied, in one instance, in an extraordi­
nary way, as shown hereunder:-

C. 
D. 

Light Spring. 
Fr. e end. Driven end. 

HiO 200" 
120" 1250 

S~ijf Spring. 
Free end, Driven el1d. 

140· 155· 
l)~o 3250 

In another case, with condition B, we had an angle of 
lag of 360 deg. 

In the m~jority of cases the lag is about 140 deg., but 
vari es from about 75 deg. to 360 deg., in other words, the 
out of balance weight has swung round well towards the 
opposite diameter, and even beyond, 'before its influencc 
is fe lt on the r evolving mass- causing it to swillg. These 
l"<'snits in themselves are remarkable. 

In spite of these anomalies and disturbing factors, it 

has been possible to effect the dynamical balancing of 
rotors, but it must be admitted that in the past there has 

been a good deal of trial and error before the propel"' 
position of t he out of balance has been located, and a 
good deal has . also depended upon the experience and 
skill of the · balancer. I am, however, still hopeful of" 
being able to reduce the problem to a more exact and 
precise basis. We have learned a good deal, but the more· 
the subj ect is investigated the more complex it appears, 

and the more one .realises how r eally puny is human 
intellect in be ing able to foretell what is really going to 
happen when certain apparently simple forces are" put 

in to operation. 

Following up again the subj ect matter of my former 
paper, wherein I describ'ed the reductiol~ in vibration in 

hips after the propellers had been dynamically bal anci"~d~ 
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I may state that since then the propellers of two vessels. 
well known in this country, viz., the " Loongana " and 
the " Niagara, " have had their propellers dynamically 

balanced by us. Both these vessels 'belOJ-t-g to the \Union 
Steam Ship Com y o:f~ew .:zealand, w'ho had the enter­
)P 'iise -to t'y t he experiment. In the latter there are three­
screws-the two outer screws are driven by reciprocating 
engines at 80-85 r evs. per minute, and the centre screw 
by a low pressure turbine at 200-220 r evs. per minute. 
This propeller is 10 ft. in diameter and wei.ghs 4 ton s. 
In the " Loongana " there are three screws, all turbine 
driven, and run at about 530 revs. per minute, these­
propellers are 5 ft. 2 in. in diameter, and each weighs 7:l­
cwt. In t he "Niagara " only the turbine driven screw 

. was dynamically balanced. In the case of each of these 
vessels, th e Company has written to me to say that 
there has been a material reducti.on 111 vibration. 
This is all the mor e worthy of ilOtice in the case of the 
" Niagara " on account of two facts-( l ) That only one­
screw out of the three was balanced, and (2) the com­
parat ively low speed of the propeller compared with the 
cases I ior~erly quoted, viz., about 500 revs. per minute 
in the cruiser, and between 800 and 900 in the Destroyers. 

This r emark is specially made, as it has been argued 
that the dynamical balancing of propellers running at 
low speeds would not be worth while, but I venture to 
think the " Niagara" is a remarkable example of the­
value of thus balancing, I venture to quote the appen­
ded lett er from the Company, dated 5th J une, 1919:-

UNION STEAM :>HIP co. O f NE W Z EAr,A~D LI MITED, 

J. J . Kin~-Salter, Esq , Gpneral M lUlager, 
Sydnpv. 5th June, 1919. 

Naval Dockyards , Oockatoo I sland, Sydney . 
Dear Sir, R M.S. "Niagara " --Combination E ngi nes. Win~ E ngine 

Reciprocating, Centre L.P. Turbine. • 
In r efer ence t o the Milngane"" Coy' s Propeller for this s teamer , which was bored 

out and dynamically balanced at t he Naval Dockyard. in November 1917, and ti tted ou 
t he "NiagaTll." at t ile end of December 1917, I am pleased to say the r esults have been 
ver y sat i sfac tory f r om Bamo. The vibration I S considerably r educed. T he propeller 
shows the same efficiency as the original one made by t h e Mangane"" Bronze Uo. 
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The re~olutions from the Repiprocating Eogines vary from 85 to 88 I?"r minute. abel 
t he TUi'bine propeller from 210 to 2W pet minute. . 

The Chief E ngineer wrote me flo'll Auckland. in refefellce to this prope)ler in the 
following terms: . 

'" "Ja.nuary 1918, Auckland. The vibration recbrds were tOen uUder v~ry s lmilar 
conditions as regards weathe r. The records show les8 vibration, of course there is 
more difference felt th$")) recorded. The pipes nnder the 'Promenarle Deck, which used 
t o r attle badly at times were quiet, al80 steerin~ house doors a ud)bose ti~tings, such 
as window-frames, bad fitting rails' etc. The second class 's ccbmodation') Captaiu's room 
too, 8re also much improved. Of conrse the conditions are t he best. when we get bad 
w.ather anel oil bunkers practi<;ally empty, there may be more vibration, bnt up to the 
present the propellpr is & 8ucces8," 

The .. Loongana" which is fitted With ' three' Parson's Turbines; also hail. three 
Propellers dypamically balo.nced, an,d three statically balal'ced at the Naval I\ockyards, 
The ones which were dyniunicaliy balanced show a great improvement in having les8 
vibration. After these had been on .a few month~, they wer,e changed to .the statically 
halanced Ret for experimental purposes, and we at once noticed a conoidel'llble change 
in Illcreased vibration. Unfort~lDately .. ith the" LoongH<lI", " .in the t:ra4e sjIe is wO.rk­
jng Oll, consideraple propeller damage takes pla.ce in the shallow parts of t he Launces­
too River , and it i. llupossible to l!;eep any p.ropeller any length of time without damage 
and being put out of balance. 

Yours faithfu)).r, . 
(Sgd.j J. SMITH, Local Supt . ],;ngin eer. 

Fig. 13 

r~·--

. - r" 

I. 

4::. 



THE D YNAMIC BALAI< C1NG 01' ROTATING MASB KS. III 

The vibration records referred in , the letter quoted 
have been analysed, and Fig. XIII. shows the r esults ' ob­
tained from them, about which it may be observed that 
great difficulty was experienced in finding a suitable, 
place in the shIp where the recorder (vide Fig. 13 of my 
former paper) could give good readings, and it will be 
also noted that the amplitude of the vibration is very 
small. 

All the propellers we ' have lately manufactured to be 
turbine driven have been put straight into the dynamical 
balancing machine, and we have found that it is quicker­
and cheaper than only balancing on a knife edge, and we 
have the further satisfaction of knowing that such pro­
p ellers ar e in true running balance. 

DISCUSSION. 

MR. J. O. BRADFIELD (Sydney University Engineering 

Association ) said that it gave him great pleasure to be 
present and to move a vote of thanks to Mr. King-Salter 
for his interesting paper. Before doing so he would, like 
to say that some weeks ago the 'University Engineering 
Society held a meeting and decided to come into the 
Institute of Engineers of Australia. The postal ballot 
was completed on Monday last, and the vote was unani­
mously in f ayor of coming into the Instit ut ion. This was 
the second combined meeting of the three resident 
Societies held in Sydney. The li ext one would be held 
under the auspices of the Sydney University Society. 
He believed it would be the last. It would be held the 
day after ' the Oouncil held its meeting. He said :-In 
attempting to discuss Mr . King-Salter's carefully pre­
pared paper, giving the r esults 'of further experiments in 

the dynamic balancing of rotating masses, one is handi-
. capped in not having heard ' or- read his previous paper .. 


